1. Introduction {#sec1}
===============

The pathophysiological processes underlying Alzheimer\'s disease (AD) are assumed to develop many years before clinical evidence of a manifest dementia state [@bib1]. Current research focuses on identifying characteristics of the early stages of AD, and several concepts have been developed to that end. In 2011, the US National Institute on Aging--Alzheimer\'s Association (NIA-AA) group presented recommendations to identify "the preclinical stage of AD," referring to a stage characterized by the presence of biomarker signs of AD but absence of verified cognitive impairment [@bib2], [@bib3]. The NIA-AA stages were subdivided into stages reflecting a suggested temporal sequence of the pathway to AD: stage 0 = both amyloid and neurodegeneration markers negative; stage 1 = evidence of amyloidosis (e.g., lowered cerebrospinal fluid (CSF) amyloid β (Aβ)42 concentrations, neurodegeneration markers negative); stage 2 = evidence of amyloidosis *and* neurodegeneration (e.g., increased CSF tau concentrations); and stage 3 = biomarker pattern as in stage 2 but also with "subtle cognitive decline." This model is not uniformly accepted, in part, because of the findings that place neurodegeneration temporally before amyloidosis [@bib4], [@bib5], [@bib6].

Subjective cognitive decline (SCD)---self-perceived decline despite objectively unimpaired cognitive function---represents a possible presymptomatic stage of mild cognitive impairment (MCI) and AD [@bib7]. SCD may be present, but is not required, in the NIA-AA "preclinical AD" stages. However, the target populations of these concepts are indeed overlapping. SCD has been reported 15 years before MCI [@bib8] and mounting evidence implicates SCD as a risk factor for dementia [@bib9], [@bib10], [@bib11], [@bib12] and AD-biomarker abnormalities [@bib13], [@bib14].

Studies of the predictive value of subjective cognitive and/or memory symptoms have been limited because of the lack of conceptual and methodological consensus. Recently, the SCD Initiative suggested a conceptual framework for investigating SCD, including research criteria and features, which should be reported in SCD studies [@bib15] (see [Supplementary Material](#appsec1){ref-type="sec"} for these features specified for the present study). Additional features were listed under the term "SCDplus," to further increase the likelihood of identifying preclinical AD: (1) subjective decline in memory rather than other cognitive domains; (2) onset of SCD within the last 5 years; (3) age at onset of SCD ≥60 years; (4) concerns (worries) associated with SCD; (5) feeling of worse performance than others of the same age group; (6) confirmation of cognitive decline by an informant; and if available (7) the presence of the apolipoprotein E (*APOE* ɛ4) genotype; and (8) biomarker evidence for AD (defines preclinical AD). Both the SCD and SCDplus criteria are described as research criteria that "require continuous refinement and validation to eventually serve as a standardized indicator for biomarker-based preclinical AD detection" [@bib15]. Molinuevo et al. [@bib16] recently presented recommendations on how to apply the SCD criteria.

A recent review concluded, after having summarized the current knowledge of CSF AD biomarkers in SCD, that there is emerging evidence that biomarkers differentiate between declining and stable SCD patients [@bib17], although studies in clinical settings are scarce as are studies combining biomarkers and subjective or subtle cognitive decline [@bib3], [@bib18]. Both the NIA-AA stages and SCD/SCDplus are recent concepts that need concurrent evaluation in longitudinal clinical samples to assess the clinical utility in predicting cognitive decline and AD-type dementia (ADD).

In this study, we examined SCD, SCDplus, SCDplusbio (i.e., SCDplus + *APOE* ɛ4 and biomarkers), NIA-AA stages 0 to 3 of preclinical AD, and MCI in patients seeking care at a memory clinic, with respect to(1)the proportion of cognitively stable and declining patients over time (descriptive report),(2)the ability of the classifications to predict cognitive decline, dementia, and ADD specifically, and(3)the individual contribution of each feature included in the classifications to predict cognitive decline and dementia.

2. Methods {#sec2}
==========

2.1. Participants {#sec2.1}
-----------------

All patients (*n* = 235) in the present study were included in the ongoing clinical prospective single-center Gothenburg MCI study [@bib19] between 1999 and 2013. In the present study, inclusion criteria were age 50 to 79 years; self-reported cognitive decline with a duration of ≥6 months, assessed by specialist clinicians through interviews; available data at baseline with respect to CSF biomarkers, SCDplus features, and neuropsychological tests used to discriminate between SCD and MCI. Systemic and other somatic diseases possibly causing cognitive impairment, for example, subdural hemorrhage, brain tumor, hypothyroid state, encephalitis, unstable heart disease, and psychiatric disorders such as major affective disorder (not minor depressive disorder), schizophrenia, substance abuse, and confusion, were cause for exclusion. Of the 250 patients meeting inclusion criteria, 235 (94%) were followed up and were thus included in the analyses. There were no significant differences in age, Mini--Mental State Examination (MMSE) [@bib20], or years of education between patients who were excluded (*n* = 152) because of missing data (missing data at baseline, *n* = 137; missing data at follow-up, *n* = 15) and the included patients (*n* = 235) (excluded patients\' mean \[SD = standard deviation\] age, 63 (9); mean (SD) years of education, 13 (4); and mean (SD) MMSE, 29 (1). Included patients\' mean (SD) age, 64 (8); mean (SD) years of education, 12 (4); and mean (SD) MMSE, 29 (2)). Baseline characteristics are presented in [Table 1](#tbl1){ref-type="table"}. The most common reason for missing data was missing informant report. Some patients lived alone or were reluctant to ask their spouses or children to fill out a symptom questionnaire. All patients lived in the extended Gothenburg region in Sweden and sought care at the Sahlgrenska memory clinic. Patients were referred via primary health care, and a minor part was self-referrals.Table 1Baseline characteristicsBaseline dataTotal sampleNo detectable cognitive impairmentDetectable cognitive impairmentTotal group (=SCD)SCDplusSCDplus-bioNIA-AA preclinical AD stage 0NIA-AA preclinical AD stage 1NIA-AA preclinical AD stage 2Total groupNIA-AA preclinical AD stage 3MCIUnclassifiedN235122986946102111367730Age, mean (SD)64 (8)62 (7)[∗](#tbl1fnlowast){ref-type="table-fn"}63 (7)64 (7)59 (6)64 (9)67 (7)65 (8)[∗](#tbl1fnlowast){ref-type="table-fn"}65 (7)66 (8)65 (7)Years of education, M (SD)12 (4)13 (4)[∗](#tbl1fnlowast){ref-type="table-fn"}13 (3)13 (4)13 (3)14 (5)12 (4)11 (3)[∗](#tbl1fnlowast){ref-type="table-fn"}9 (1)11 (3)12 (4)Male/female, %44/5650/50, ns55/4551/4959/4130/7048/5237/63, ns67/3333/6843/57MMSE, mean (SD)29 (2)29 (1), ns29 (1)29 (1)29 (2)29 (1)29 (1)28 (2), ns28 (1)28 (2)29 (1)Months followed, M (SD)48 (35)58 (39)[∗](#tbl1fnlowast){ref-type="table-fn"}56 (37)59 (40)55 (36)49 (39)54 (34)38 (28)[∗](#tbl1fnlowast){ref-type="table-fn"}32 (18)38 (29)40 (28)Aβ42, M (SD)611 (214)637 (211)[†](#tbl1fndagger){ref-type="table-fn"}643 (217)626 (237)684 (140)402 (80)372 (78)584 (214)[†](#tbl1fndagger){ref-type="table-fn"}396 (77)573 (226)647 (176)T-tau, M (SD)397 (249)336 (192)[∗](#tbl1fnlowast){ref-type="table-fn"}354 (189)421 (184)197 (61)177 (80)604 (198)461 (286)[∗](#tbl1fnlowast){ref-type="table-fn"}799 (313)490 (296)325 (162)p-tau, M (SD)59 (30)55 (25)[†](#tbl1fndagger){ref-type="table-fn"}55 (23)63 (24)37 (6)35 (9)86 (34)65 (34)[†](#tbl1fndagger){ref-type="table-fn"}128 (42)66 (32)50 (22)Informant-reported memory decline, %8987, ns969688449191, ns679687CIMP-QUEST memory scale, mean (SD)4 (3)3 (3)[†](#tbl1fndagger){ref-type="table-fn"}4 (2)4 (3)4 (3)2 (3)4 (3)4 (3)[†](#tbl1fndagger){ref-type="table-fn"}4 (4)4 (3)4 (3)Depressive symptomatology, %1012, ns981444108, ns33512[^1][^2][^3][^4]

Healthy controls, *n* = 101; mean (SD) age, 65 (6); mean (SD) years of education, 12 (3); and mean (SD) MMSE, 29 (1), were recruited through information meetings (in, e.g., senior organizations), and some were relatives of patients. Inclusion and exclusion criteria were identical for control subjects and patients, except control subjects had neither subjectively reported nor objective cognitive impairment, assessed by a clinician. Healthy control subjects were only included in the present study to generate cutoff values for neuropsychological test scores.

2.2. Assessments {#sec2.2}
----------------

All participants were examined at baseline and completed at least one biannual follow-up. Baseline assessments were carried out during 4 to 5 patient visits. At baseline and follow-up, the Global Deterioration Scale (GDS) staging of cognitive impairment [@bib21] was performed by a specialist physician or a registered nurse using a previously described algorithm based on cognitive screening instruments [@bib19]. The stages included stage 1 (no subjective or objective cognitive decline); GDS stages 2 to 3 (some subjective and/or objective cognitive decline, but no dementia); and GDS stage ≥4 (objective cognitive decline at the level of probable dementia or beyond, in accordance with the *Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition*). GDS was used to exclude patients with no subjective or objective cognitive decline (GDS 1) or probable dementia (GDS stage ≥4) at baseline and as follow-up dementia screening.

Informants, predominantly spouses or adult children of patients, completed the Cognitive Impairment Questionnaire, an instrument designed to identify dementia-related symptoms by informant report [@bib22]. Licensed psychologists administered a neuropsychological battery during two visits, each lasting 1.5 to 2 hours. Depressive symptoms were assessed using the Montgomery-Asberg Depression Rating Scale [@bib23] or the 20-item Geriatric Depression Scale [@bib24], [@bib25], using ≥10 and ≥6 as cutoff scores, respectively, for depressive symptomatology.

CSF and whole blood was drawn from all participants, using procedures and subsequent analyses as previously described [@bib19]. Briefly, we used enzyme-linked immunosorbent assays to measure Aβ, total tau (t-tau), and phosphorylated tau (p-tau). *APOE* genotyping was performed using solid-phase mini-sequencing as previously described [@bib26]. We used CSF AD marker cutoffs previously used for prediction of AD [@bib27]: Aβ42 ≤ 482 ng/L; t-tau ≥320 ng/L; and p-tau ≥52 ng/L.

Written informed consent was obtained from all participants, and the local ethics committee approved the study.

2.3. Classifications---step 1: SCD, subtle cognitive decline, and MCI {#sec2.3}
---------------------------------------------------------------------

SCD was not measured with a specific instrument, but was based on patients\' active help-seeking and self-reported cognitive decline during ≥6 months, assessed in baseline clinical interviews. The presence of cognitive symptoms and duration ≥6 months were noted by the clinician in tick-boxes in the fixed study protocol. Informant corroboration of symptoms was not a part of the SCD criteria, but it was a part of the SCDplus criteria (specified in Section [2.4](#sec2.4){ref-type="sec"} and [Fig. 1](#fig1){ref-type="fig"}). To distinguish SCD from subtle cognitive decline/MCI while ruling out the presence of objectively measurable cognitive signs associated with early AD, we used four tests from our test battery that previously predicted conversion to AD [@bib28]. The neuropsychological tests used were as follows: the silhouettes subtest from the visual objects and space perception (VOSP; visual object perception) battery [@bib29]; the Rey auditory verbal learning test (RAVLT; word list memory test), immediate recall [@bib30]; the Boston naming test (BNT; confrontation naming) [@bib31]; and the Rey complex figure test (RCFT), delayed recall (visuospatial memory) [@bib32]. Although there are recently suggested operationalizations of subtle cognitive decline [@bib33], there are no definitive criteria. We categorized patients as having subtle cognitive decline if they scored less than the cutoff value (1.5 SD less than the healthy control mean) on one neuropsychological test. Patients with two or more scores less than the cutoff value were categorized as MCI. Patients categorized as either subtle cognitive decline or MCI were considered as having "detectable cognitive impairment." The remaining patients had no scores less than the cutoff value and were categorized as SCD. Stratified cutoff scores (1.5 SD less than control means): VOSP silhouettes 16.8/20; BNT 49.3/60 (\<12 years of education) or 50.5 (≥12 years of education); RAVLT A6 4.6/15 (\<12 years of education) or 4.4 (≥12 years of education); and RCFT delayed recall: 7.1/36. There were no significant differences between older (≥65 years) and younger (\<65 years) control subjects. Consequently, we did not stratify the cutoff scores by age.Fig. 1Operationalization of SCD and NIA-AA stage subclassifications.

2.4. Classifications---step 2: SCD subgroups and NIA-AA stages {#sec2.4}
--------------------------------------------------------------

Patients were subsequently categorized following the algorithms presented in [Fig. 1](#fig1){ref-type="fig"} (see also [Supplementary Table 1](#appsec1){ref-type="sec"}). Important to note, although NIA-AA stages 0 to 2 require absence of objective cognitive impairment when studied in a dementia context, SCD in itself is not a prerequisite of the NIA-AA stages [@bib15]. However, the characteristics of the current sample (all patients being active help-seekers with SCD or more advanced cognitive impairment) imply that all patients eligible to be categorized into NIA-AA stages 0 to 2 were in fact patients with SCD, which would be the case in most memory clinic settings. NIA-AA stages were by definition independent samples, but the SCDplus groups were partly overlapping with each other and with the NIA-AA stages (clarified in [Supplementary Fig. 1](#appsec1){ref-type="sec"}). We separated SCDplus from SCDplusbio to explore different variants of the SCDplus features---SCDplusbio including invasive and SCDplus including noninvasive methods. In our operationalization of SCDplus, biomarkers and *APOE* status are therefore not accounted for, and SCDplusbio is a subcategory of SCDplus. In a subanalysis, NIA-AA stages 2 and 3 were pooled because of small group sizes.

2.5. Follow-up assessment {#sec2.5}
-------------------------

Patients were followed up for 12 to 142 months, mean (SD) 48 (35) months. The varying follow-up intervals reflect the broad time range of inclusion (14 years) of consecutive patients at the memory clinic. The mean follow-up time did not differ significantly between subclassifications of SCD or between stable and declining patients (data not shown). The mean follow-up time was significantly shorter for patients with subtle cognitive decline or MCI, which was expected as these patients on average may be temporally closer to advanced cognitive impairment, limiting possibilities of further follow-up.

Neuropsychological testing and diagnostic assessment of clinical dementia were performed at all follow-up rounds. The cognitive decline outcome was defined as decline in neuropsychological test results (using delta values) or to clinical dementia (using GDS and criteria for dementia), at follow-up. For patients with GDS stage ≥4 at follow-up, we determined the presence of manifest dementia syndrome and specific dementia diagnosis using standardized criteria [@bib34], [@bib35], [@bib36], [@bib37] (specified in [Table 2](#tbl2){ref-type="table"} legend). Neuropsychological decline was assessed for all patients. Patients not meeting criteria for decline were considered stable.Table 2Cognitive outcome for different classificationsFollow-up dataTotal patient sampleClassifications excluding detectable cognitive impairment[∗](#tbl2fnlowast){ref-type="table-fn"}Classifications including detectable cognitive impairmentTotal group (=SCD)SCDplusSCDplusbioNIA-AA stage 0NIA-AA stage 1NIA-AA stage 2Total groupNIA-AA stage 3MCIUnclassifiedN235122986946102111367730Stable, *n* (%)118 (50%)74 (61%)56 (57%)36 (52%)33 (72%)5 (50%)4 (19%)44 (39%)023 (30%)21 (70%)Declined at follow-up, *n* (%)117 (50%)48 (39%)42 (43%)33 (48%)13 (28%)5 (50%)17 (81%)69 (61%)6 (100%)54 (70%)9 (30%)Dementia58 (25%)12 (10%)12 (12%)9 (13%)4 (9%)1 (10%)5 (24%)46 (41%)3 (50%)40 (52%)3 (10%) Follow-up time, months, M (SD)39 (28)37 (33)39 (32)39 (35)37 (27)1253 (42)39 (28)41 (23)39 (28)67 (4)Cognitive decline, no dementia59 (25%)36 (30%)30 (31%)24 (35%)9 (20%)4 (40%)12 (57%)23 (20%)3 (50%)14 (18%)6 (20%) Follow-up time, months, M (SD)54 (36)66 (35)63 (35)59 (33)57 (37)82 (40)55 (32)36 (29)24 (2)36 (29)23 (3)Specific dementia diagnosis, *n* AD dementia29333003263212 Mixed dementia13222001110110 Vascular dementia124432018071 Lewy body dementia11110100000Dementia NUD32202001010[^5][^6]

2.6. Statistical analyses {#sec2.6}
-------------------------

Two points of measurement were analyzed: baseline data and the last available follow-up for each individual. Baseline differences between SCD patients and patients with subtle cognitive decline/MCI were analyzed using chi-square or independent samples *t* tests.

To determine decline, we calculated normal delta value ranges using results from healthy control subjects with a matched follow-up time. Cutoff scores corresponded to the mean delta value for the lowest quartile of the control subjects. Control delta values were not affected by age, years of education, or follow-up time, hence cutoffs were not stratified. The cutoff delta values in raw scores for the neuropsychological tests were RAVLT immediate recall, −2.0; RCFT delayed recall, −2.5; VOSP silhouettes, −1.0; and BNT, −2.0. We defined cognitive decline as delta values less than the normal range for two or more tests.

We report the proportion of stable, declining, and patients converting to specific dementia diagnoses in each group. The predictive ability of the classifications was analyzed by calculating sensitivity (true positives/\[true positives + false negatives\]), specificity (true negatives/\[true negatives + false positives\]), positive likelihood ratios (+LRs; sensitivity/\[1 − specificity\]), and negative LRs (−LRs; \[1 − sensitivity\]/specificity) of the classifications in relation to cognitive decline, dementia, and ADD, including pretest and post-test probability. Because of varying follow-up time, we divided the groups into shorter versus longer follow-up, using the median follow-up time, to subanalyze post-test probability for the classifications in relation to cognitive decline and dementia.

To investigate the individual contribution of each variable included in the classifications (CSF AD-markers; *APOE* ɛ4 ≥1 allele; informant-reported memory decline; SCD onset age ≥60 years; and SCD duration ≤5 years) in predicting cognitive decline, dementia, and ADD, we constructed binary logistic regression models with cognitive decline and dementia as dependent variables.

3. Results {#sec3}
==========

3.1. Baseline characteristics {#sec3.1}
-----------------------------

Baseline characteristics are presented in [Table 1](#tbl1){ref-type="table"}.

3.2. Description of cognitive outcome {#sec3.2}
-------------------------------------

Cognitive outcomes are reported in [Table 2](#tbl2){ref-type="table"} and [Fig. 2](#fig2){ref-type="fig"}. In the total patient sample (*n* = 235), 50% declined cognitively at follow-up and 25% converted to dementia. In SCD patients (*n* = 122), 39% declined cognitively and 10% converted to dementia. In patients with subtle cognitive decline/MCI at baseline (*n* = 113), 61% declined cognitively and 41% converted to dementia. Within the SCD group, the NIA-AA stage 2 group (*n* = 21) comprised the largest proportion of declining patients (81%) as well as dementia converters (24%). Of those categorized as SCDplusbio (*n* = 69), 48% declined cognitively and 13% converted to dementia. Three SCD patients converted to ADD, all of which fulfilled the criteria for NIA-AA stage 2, SCDplus, and SCDplusbio at baseline. NIA-AA stage 0 (*n* = 46) had the smallest proportion of dementia converters (9%), lower than the SCD total group (10%). When NIA-AA stages 2 + 3 were pooled, 85% (23/27) declined cognitively, compared with 70% (54/77) of MCI patients ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2Cognitive outcome at follow-up for the subclassification groups. Abbreviations: MCI, mild cognitive impairment; NIA-AA, National Institute on Aging--Alzheimer\'s Association; SCD, subjective cognitive decline.

3.3. Sensitivity, specificity, and likelihood ratios {#sec3.3}
----------------------------------------------------

Sensitivity, specificity, and likelihood ratios for the classifications in relation to cognitive decline, dementia, and ADD are reported in [Table 3](#tbl3){ref-type="table"}. Generally, sensitivity levels were highest for the SCDplusbio category, and specificity levels were highest in the NIA-AA preclinical AD groups. In the SCD group, positive likelihood ratios were highest for the NIA-AA stage 2 group for cognitive decline (+LR 6.3), dementia (+LR 3.4), and ADD (+LR 6.5). In the pooled NIA-AA stages 2 + 3, +LR increased for cognitive decline and dementia. The positive post-test probability for cognitive decline was highest for "pooled NIA-AA stages 2 to 3" (85%). Splitting the groups into shorter versus longer follow-up time resulted in a generally increased ability (higher post-test probability) for the classifications within the SCD total group to predict dementia in shorter compared with longer follow-up time. The ability to predict cognitive decline was fairly equal in groups of shorter versus longer follow-up time ([Table 3](#tbl3){ref-type="table"}).Table 3Sensitivity, specificity, and likelihood ratios for classifications in relation to cognitive decline, dementia, and AD dementiaSensitivity, specificity, likelihood ratios, and post-test probabilitiesClassifications excluding detectable cognitive impairment (=SCD total group)[∗](#tbl3fnlowast){ref-type="table-fn"}Classifications including detectable cognitive impairment[†](#tbl3fndagger){ref-type="table-fn"}Pooled analysisSCDplus (*n* = 98)SCDplusbio (*n* = 69)NIA-AA stage 0 (*n* = 46)NIA-AA stage 1 (*n* = 10)NIA-AA stage 2 (*n* = 21)NIA-AA stage 3 (*n* = 6)MCI (*n* = 77)NIA-AA stages 2--3 pooled[‡](#tbl3fnddagger){ref-type="table-fn"} (*n* = 27)Cognitive decline Sensitivity836927103554637 Specificity22515493941008196 Positive likelihood ratio1.11.40.61.56.3[§](#tbl3fnsection){ref-type="table-fn"}---2.48.7[§](#tbl3fnsection){ref-type="table-fn"} Negative likelihood ratio0.80.61.41.00.70.90.70.7 Positive (pre) post-test probability(39) 40%(39) 48%(39) 28%(39) 50%(39) 81%(51) NA(50) 70%(49) 85% Shorter follow-up[¶](#tbl3fnpara){ref-type="table-fn"}37%52%17%NA[\#](#tbl3fnhash){ref-type="table-fn"}80%NA[\#](#tbl3fnhash){ref-type="table-fn"}70%85% Longer follow-up[¶](#tbl3fnpara){ref-type="table-fn"}46%44%41%82%74%85%Dementia Sensitivity1009020105066750 Specificity2146609284987687 Positive likelihood ratio1.31.70.51.23.43.62.83.7 Negative likelihood ratio00.2[∗∗](#tbl3fnlowastlowast){ref-type="table-fn"}1.31.00.61.00.40.6 Positive (pre) post-test probability(8) 10%(8) 13%(8) 4%(8) 10%(8) 24%(21) 50%(21) 43%(10) 30% Shorter follow-up[¶](#tbl3fnpara){ref-type="table-fn"}16%21%9%NA[\#](#tbl3fnhash){ref-type="table-fn"}30%NA[\#](#tbl3fnhash){ref-type="table-fn"}48%29% Longer follow-up[¶](#tbl3fnpara){ref-type="table-fn"}4%6%018%38%31%AD dementia Sensitivity10010000100107275 Specificity2045609185997386 Positive likelihood ratio1.31.8006.5[§](#tbl3fnsection){ref-type="table-fn"}6.9[§](#tbl3fnsection){ref-type="table-fn"}2.75.4[§](#tbl3fnsection){ref-type="table-fn"} Negative likelihood ratio00[††](#tbl3fndaggerdagger){ref-type="table-fn"}1.71.10[††](#tbl3fndaggerdagger){ref-type="table-fn"}0.90.40.3[∗∗](#tbl3fnlowastlowast){ref-type="table-fn"} Positive (pre) post-test probability(3) 3%(3) 4%(3) 0%(3) 0%(3) 14%(13) 50%(13) 27%(5) 22%[^7][^8][^9][^10][^11][^12][^13][^14][^15]

3.4. Predictive value of individual variables {#sec3.4}
---------------------------------------------

Binary logistic regression analyses of the individual predictive values are presented in [Table 4](#tbl4){ref-type="table"}. Model 1 contained features included in SCD plus/SCDplusbio, and in model 2 we included only CSF biomarkers as per the NIA-AA stages. In both models, CSF Aβ42 ≤ 482 ng/L was the only significant predictor of cognitive decline (odds ratio \[OR\]: model 1 = 3.7; model 2 = 5.4), and also predicted dementia using model 2 (OR = 5.6). No variables predicted dementia when using model 1 (data not shown). Model 2 correctly classified 92% of SCD patients converting to dementia. The outcome did not change if sex, baseline age, years of education, and follow-up time (months from baseline to last follow-up) were entered as covariates (data not shown), or if patients classified as NIA-AA stage 3 were included in the analysis.Table 4Binary logistic regression. Baseline predictors of cognitive decline in SCD patients at follow-upWald*P*OR95% CI for OR\
Lower-upperPrediction of cognitive decline[∗](#tbl4fnlowast){ref-type="table-fn"}\
Model 1a Aβ42 ≤ 4823.9\<.0473.71.0--13.7 T-tau ≥3200.2ns0.70.1--3.6 p-tau ≥522.0ns3.30.6--17.4 *APOE* ɛ4 ≥1 allele0.1ns0.80.3--2.6 Informant-reported memory decline (CIMP-QUEST memory scale)0.0ns1.00.1--6.9 Informant-reported subjective symptom onset age ≥60 years2.6ns2.40.8--6.9 Informant-reported subjective symptom duration ≤5 years0.2ns1.50.2--10.7Prediction of cognitive decline[∗](#tbl4fnlowast){ref-type="table-fn"}\
Model 2a Aβ42 ≤ 48212.5\<.0015.42.1--13.8 T-tau ≥ 3200.1ns1.30.3--4.7 p-tau ≥ 520.1ns1.20.3--4.3Prediction of dementia[†](#tbl4fndagger){ref-type="table-fn"}\
Model 2b Aβ42 ≤ 4824.9.0275.61.2--25.6 T-tau ≥ 3200.1ns1.40.1--22.3 p-tau ≥ 520.0ns1.20.1--18.0[^16][^17][^18][^19]

4. Discussion {#sec4}
=============

The main finding of the present study was that the NIA-AA stage 2 classification successfully predicted cognitive decline, dementia, and ADD specifically. Furthermore, the predictive values (i.e., +LR) increased for all three outcomes when NIA-AA stages 2 and 3 were pooled. The SCDplus and SCDplusbio subgroups had lower +LR for the prediction of cognitive decline and dementia. When NIA-AA stages 2 + 3 were pooled, the proportion of cognitive decliners was higher than in the MCI group, which offers a perspective to the potential benefits of adding biomarkers in SCD. Overall, these results support the usefulness of the NIA-AA preclinical AD stages 2 + 3 in predicting cognitive decline, dementia, and ADD, in memory clinic patients with SCD or subtle cognitive decline.

The strength of the present study is the simultaneous evaluation of several classification models, permitting comparisons. The performance of symptom versus biomarker classifications within one clinical sample is of clinical interest, even if the constructs are not intended to compete. Furthermore, our outcome measures encompass cognitive decline as well as dementia diagnoses, and the follow-up time is longer than in previous similar studies. The present study also has some limitations. Follow-up length varied and group sizes were small, especially for NIA-AA stages 1 and 3, limiting the conclusions we can draw about these groups. In addition, some of the features that have been suggested as SCDplus criteria were not available in our data set, and specific type of subjective symptoms was not assessed.

We are only aware of three previous memory clinic--based studies that have investigated the predictive value of CSF AD biomarkers in relation to clinical progression in SCD patients. A multicenter study reported that SCD patients with a CSF AD profile (*n* = 30) had worse baseline cognition than those without a CSF AD profile (*n* = 28) but did not deteriorate within 1 to 3 years [@bib39]. The present study findings are more in line with a second study of similar sample size reporting that the preclinical AD stages predicted an incremental cognitive decline for each stage over a mean (SD) of 2 (1) years [@bib40]. In a third recent study, 27% (*n* = 3) of patients with SCD and a pathologic CSF ratio (Aβ42/p-tau) developed ADD within 5 years [@bib41]. The most comparable diagnostic category in our study would be the NIA-AA stage 2 that had a similar proportion of dementia converters (24%) although only 14% to ADD. The lower rate of ADD converters in our study may be explained by the use of CSF markers individually, not analyzed as a ratio. Our study had a longer follow-up period than the previous available studies and a larger sample than two-thirds of studies.

Comparing SCD categories and NIA-AA stages, the SCD/SCDplus/SCDplusbio categories did not convincingly improve the ability to identify true positive cases and were clearly outperformed by the NIA-AA stage 2. The SCDplusbio classification performed well in identifying true negative cases, compared with the NIA-AA stages 1 to 3. The results remained largely the same when the various groups were analyzed separately for those with shorter and longer follow-up time. However, within the SCD group the ability to predict dementia was better in those with shorter follow-up time compared with longer follow-up time indicating that some SCD patients have a high pathologic burden. This may be associated with the relatively young age of the patient group [@bib42]. Consistent with previous research [@bib40], [@bib41] CSF Aβ42 was the only significant single predictor of cognitive decline. This is also in line with the model proposed by Jack et al. [@bib43], describing a temporal evolution of AD with changes in CSF Aβ42 occurring first.

Few SCD patients in our sample (10/122) fulfilled the criteria for NIA-AA stage 1. It has been proposed that SCD is present approximately 15 years before the MCI stage [@bib7], [@bib44]. Thus, SCD should occur parallel to early amyloid changes, in which case it would be expected that more help-seekers would have met criteria for NIA-AA stage 1. Rather, our results may reflect the suggested time-slope in which individuals in preclinical AD stage 1 still have not developed cognitive symptoms [@bib43], but that SCD triggering help-seeking may be concurrent with NIA-AA stage 2. The notion of neuronal injury markers representing more advanced stages of the AD disease trajectory was also supported by our findings of an increased rate of decline when tau markers were added to classifications (i.e., NIA-AA stage 2), which is in accordance with previous findings of increased subjective difficulties in stage 2 compared with stage 1 [@bib45]. Possibly, patients meeting criteria for NIA-AA stage 1 are thus less frequent in populations of active help-seekers. NIA-AA stages 2 and 3 should be explored further in larger clinical samples.

In a meta-analysis of longitudinal studies with \>4 years of follow-up, 14.1% of SCD patients developed dementia [@bib46]. The slightly lower conversion rate in our study (10%) may result from the relatively young SCD sample (mean 62 years). Results from a community-based study reported lower rates of cognitive decline in SCD patients followed for 13 months (18.9% for SCDplus and 5.6% for SCD) than what was found in our study (56% for SCDplus and 39% for SCD) [@bib47]. The higher proportion of decliners in our sample is likely because of longer follow-up time and generally higher conversion rates in samples consisting of active help-seekers [@bib48]. The shorter follow-up time for MCI patients was expected, as advanced neuropsychological testing was not continued for patients with very poor cognitive functioning, because of ethical reasons.

5. Conclusions {#sec5}
==============

Although group sizes were small, the results from this study offer some support for the use of biomarker-based classifications---specifically the NIA-AA preclinical AD stage 2 or stage 2 + 3---to predict cognitive decline, dementia, and ADD, in memory clinic patients with subjective or subtle cognitive decline. Our findings also support that SCD serious enough to trigger help-seeking likely occurs concurrent with preclinical stage 2, that is, when tau markers have become positive. We additionally found CSF Aβ42 to be the most important predictor of cognitive decline and dementia in these SCD patients. SCDplus categories may also be valid categories to identify at-risk patients, especially when neurobiological methods are not available, although in this study to a lesser extent than the preclinical AD categories.Research in Context1.Systematic review: The authors reviewed the literature using traditional (e.g., PubMed) sources, focusing on studies presenting classification models to improve prediction of future objective cognitive decline in patients without current objective cognitive impairment. We address, and properly cite, classification models that were presented recently (i.e., "subjective cognitive decline" and National Institute on Aging--Alzheimer\'s Association (NIA-AA) "preclinical Alzheimer\'s disease stages").2.Interpretation: Our findings provide some support for the biomarker-based NIA-AA stages 2 and 3 and less support for the subjective cognitive decline (SCD)plus variants (as operationalized in the present study) to improve prediction of cognitive decline, dementia, and Alzheimer\'s disease dementia specifically, in patients with subjective or subtle cognitive decline.3.Future directions: NIA-AA stages 2 and 3 should be explored further in larger clinical samples, for example, in combination with onset age of SCD.
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[^1]: Abbreviations: Aβ42, amyloid β 42; AD, Alzheimer\'s disease; CIMP-QUEST, Cognitive Impairment Questionnaire; M, mean; MCI, mild cognitive impairment; MMSE, Mini--Mental State Examination; NIA-AA, National Institute on Aging--Alzheimer\'s Association; ns, nonsignificant difference; p-tau, phosphorylated tau; SCD, subjective cognitive decline; SD, standard deviation; T-tau, total-tau.

[^2]: NOTE. Continuous variables are presented as the means and SD. Unclassified patients = patients with subtle cognitive decline but at least one negative biomarker (=not fulfilling criteria for preclin-3). Baseline data for the SCD subgroups (SCDplus; SCDplusbio; NIA-AA stages 0 to 2) and the NIA-AA stage 3 group were not compared as the samples were partly overlapping.

[^3]: Statistically significant difference between groups with detectable versus nondetectable cognitive impairment, *P* \< .01.

[^4]: Statistically significant difference between groups with detectable versus nondetectable cognitive impairment, *P* \< .05.

[^5]: Abbreviations: AD, Alzheimer\'s disease; M, mean; MCI, mild cognitive impairment; NIA-AA, National Institute on Aging--Alzheimer\'s Association; NUD, nonultra descriptum; SCD, subjective cognitive decline; SD, standard deviation.

[^6]: NIA-AA stages were by definition independent samples, but the SCDplus groups were partly overlapping with each other and with the NIA-AA stages (see also [Supplementary Fig. 1](#appsec1){ref-type="sec"}). Follow-up times are presented as the mean and SD. Criteria used for dementia diagnostics (procedures specified in detail in Wallin et al. [@bib19]): AD: the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer\'s Disease and Related Disorders Association (NINCDS-ADRDA) [@bib34]; Lewy body dementia [@bib35]; subcortical vascular dementia [@bib36] and cortical vascular dementia: the National Institute of Neurological Disorders and Stroke (NINDS) and the Association Internationale pour la Recherche et l\'Enseignement en Neurosciences (AIREN) criteria [@bib37]. Mixed diagnosis refers to a combination of AD/subcortical vascular dementia or AD/cortical vascular dementia as previously described by Wallin et al. [@bib19]. Unclassified patients = patients with subtle cognitive decline but at least one negative biomarker (=not fulfilling criteria for preclin-3). Dementia NUD = presence of dementia syndrome without hallmarks of specific etiology.

[^7]: Abbreviations: AD, Alzheimer\'s disease; MCI, mild cognitive impairment; NIA-AA, National Institute on Aging--Alzheimer\'s Association; SCD, subjective cognitive decline.

[^8]: SCD subgroup analyses were performed within the SCD group, not including patients in NIA-AA stage 3 or MCI.

[^9]: Analyses for NIA-AA stage 3 and MCI were performed within the total sample, including also the SCD total group.

[^10]: Analyses of pooled NIA-AA groups 2 to 3 were performed for SCD patients + patients with subtle cognitive decline.

[^11]: Positive likelihood ratio 5 to 10 (indicating moderately increased likelihood; ≈30% to 45% increase).

[^12]: Shorter versus longer follow-up was split by the median follow-up time in the SCD group (57 months), in the MCI group (25 months), and in the SCD + subtle cognitive impairment group (27 months).

[^13]: Subanalyses were only performed for group sizes ≥*n* = 20.

[^14]: Negative likelihood ratio 0.1 to 0.2 (indicating moderately decreased likelihood; ≈30% to 45% decrease).

[^15]: Negative likelihood ratio \<0.1 (indicating largely decreased likelihood; \>45% decrease). Interpretation guide for likelihood ratios was adapted from Jaeschke et al. [@bib38].

[^16]: Abbreviations: CI, confidence interval; CIMP-QUEST, Cognitive Impairment Questionnaire; OR, odds ratio; SCD, subjective cognitive decline.

[^17]: NOTE. Results from the logistic regression models are reported as OR with 95% CI. Years of education, sex, and follow-up time were tested as covariates. All variables except age and years of education were dichotomous.

[^18]: Prediction of cognitive decline: Model 1a: Omnibus test of model coefficients: *P* = .017 (Χ^2^ = 17.1; *df* = 7). Hosmer and Lemeshow test: *P* = .49 (Χ^2^ = 6.5; *df* = 7). Correctly classified SCD patients when including seven variables: 73.8%. Model 2a: Omnibus test of model coefficients: *P* \< .001 (Χ^2^ = 17.1; *df* = 3). Hosmer and Lemeshow test: *P* = .64 (Χ^2^ = 1.7; *df* = 3). Correctly classified declining patients when including three variables: 70.8%.

[^19]: Prediction of dementia: Model 2b: Omnibus test of model coefficients: *P* = .07 (Χ^2^ = 7.0; *df* = 3). Hosmer and Lemeshow test: *P* = .79 (Χ^2^ = 1.0; *df* = 3). Correctly classified patients with dementia when including all three variables: 92.0%.
